The share of intra-industry trade (IIT) in total trade between Central and East European nations and the EU is among the highest of all the EU's bilateral trade flows. IIT is broken down into horizontal and vertical components and the determinants of each is investigated. Vertical IIT (exchange of similar goods of different quality) is found to account for 80 to 90 percent of total IIT and is positively associated with product differentiation, labor intensity of production, economies of scale, and foreign direct investment (FDI). Controlling for country effects, a statistically significant positive association is found between horizontal IIT (the exchange of close substitutes of similar quality) and FDI, product differentiation, and industry concentration; a significant negative relationship is found for scale and labor intensity. These results do not hold if country effects are not controlled for, suggesting that country-specific factors are key determinants of horizontal IIT. The estimation results are more robust than those in previous studies, reflecting the specific characteristics of the endowments of and ongoing restructuring process in transition economies.
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I. Introduction
There is a large empirical literature that investigates the determinants of intra-industry trade (IIT). Most studies find strong support for country effects, but little evidence for the effects of the various industry-specific variables that theory suggests should be important (Greenaway, Hine and Milner, 1995) . This is puzzling as most attempts to test theories that give rise to IIT focus on exchanges between highly developed economies. Trade between such countries should be driven less by differences in endowments or technologies than North-South trade. Given the relatively high degree of integration of high income countries, past diffusion of know how, cross-hauling of foreign direct investment (FDI), movement of people, and so forth, one would expect to see strong support for the theory as regards industry-specific determinants of IIT.
The existing literature focuses on trade flows that occur in the context of a relatively stable environment, with little change occurring in independent variables. There are no large shocks that affect managerial incentives, changes in market structure or the size of technology or capital flows. In this paper we analyze the determinants of IIT between the European Union (EU) and eight Central and Eastern European countries (CEECs) during the 1990-95 period. These countries provide a unique opportunity to improve our understanding of IIT. All CEECs are relatively industrialized and most have significant stocks of human capital. The scope for rapid growth in IIT after the collapse of central planning can be expected to have been substantial, driven by the opening of the economies and associated changes in managerial incentives, market structure and flows of technology. In conjunction with their geographic proximity and significantly lower real wages, CEECs are a particularly appropriate set of countries for which to explore the effect of different industry-specific variables on IIT.
Previous research has found that IIT has indeed been growing rapidly in the region. Much of the IIT that is observed at relatively high levels of aggregation comprises a pattern of trade where CEECs import intermediate inputs which are used to produce goods for export that are classified in the same industry. 1 Studies that calculate IIT indices at more appropriate levels of disaggregation also find, however, that IIT has been rising rapidly. 2 As of 1995, most CEECs had levels of IIT comparable (or higher) to those of Portugal, Greece, and Israel. Three countries (Czech Republic, Hungary, and Slovenia) were among the top ten countries in terms of the share of IIT in total trade with the EU.
Existing studies of IIT between the EU and the CEECs do not distinguish between horizontal and vertical IIT. Loosely defined, the latter consists of exchange of similar goods of different quality and the former comprises exchange of similar goods that are differentiated by characteristics rather than quality. As argued by Abd-el-Rahman (1991) and Greenaway, Hine and Milner (1995) making such a distinction is important as the determinants of each type of IIT differs. In the CEEC context the distinction is particularly relevant because the level and growth in horizontal IIT is a good indicator of the extent to which the CEECs are "similar" to the EU. This in turn is an important consideration in terms of "convergence" and the prospects for accession to the EU. More generally, given that the empirical literature has come to ambiguous conclusions regarding 1 Such trade reflects ongoing efforts by CEEC firms to upgrade production facilities and improve quality.
See Hoekman and Djankov (1997) for an analysis of the importance of sourcing of inputs from the EU in changing the export structure of the CEECs.
the determinants of horizontal IIT, additional evidence from a data source that has not yet been explored is informative. The dataset that exists for the CEECs is of high quality and includes industry-specific variables that are of interest.
Our findings suggest that vertical IIT accounts for 80 to 90 percent of total IIT with the EU, and that it is positively associated with product differentiation, economies of scale, labor intensity of production, and FDI. A statistically significant positive association is also found between horizontal IIT--the exchange of close substitutes of similar quality--and FDI, product differentiation and industry concentration, while a significant negative relationship is found for scale and the labor intensity of production. Only two of the coefficients (on FDI and scale economies) are significant if country dummies are not included in the regression. Overall, industry-specific factors explain less than 15% of horizontal IIT. From this we conclude that country-specific effects dominate industryspecific determinants of horizontal IIT. Conversely, about 85% of the systemic variation in vertical IIT can be explained by industry-specific factors.
The paper is structured as follows. Section II briefly summarizes the literature on IIT. Section III describes the dataset and discusses summary descriptive statistics.
Section IV turns to an econometric analysis of the determinants of IIT, using the explanatory variables that are commonly used in the literature. Section V concludes.
II. Literature Review
Horizontal IIT arises when there is two-way trade in products of similar quality, but different characteristics or attributes. The theoretical basis for such trade was developed by Lancaster (1980) , Krugman (1981) , Helpman (1981 Helpman ( , 1987 and Bergstrand (1990) .
These models suggest that the more similar countries are in terms of their endowments (incomes), the greater the share of horizontal IIT, which is driven by product differentiation and scale economies; the smaller the minimum efficient scale of production, the greater the number of firms in an industry, the greater the number of varieties supported by the market and the greater the magnitude of IIT.
Vertical IIT involves simultaneous export and import of similar goods of varying qualities. The theoretical basis for this type of IIT was first developed by Falvey (1981) , who showed that vertical IIT may arise in situations where large numbers of firms produce varieties of different qualities but there are no increasing returns in production. The pattern of vertical IIT follows traditional endowment-based models, with the relatively capital abundant country exporting higher quality products and the relatively laborabundant country exporting lower quality goods. Shaked and Sutton (1984) showed that vertical IIT may also arise in market structures with small numbers of firms and increasing returns. No clear predictions therefore arise regarding the impact of scale or concentration as a determinant of vertical IIT. However, as in the case of horizontal IIT, the greater the number of varieties supported by the market, the more vertical IIT is observed in equilibrium.
Although the general presumption in the literature is that multinational activity and IIT are positively correlated, the relationship between FDI and IIT is ambiguous. Vertical
IIT is likely to be associated with the presence of inward FDI, as foreign firms can be expected to combine their technological knowledge with local endowments to produce goods of varying qualities that are then shipped to export markets. In the case of horizontally differentiated products, FDI may substitute for exports of the goods that were previously produced in the investor's home country (Markusen and Venables, 1996) .
Whether this would reduce IIT depends on the export structure of the industry in the foreign country prior to entry by the multinational. If the industry did not produce similar goods or if the foreign entrants have positive net exports, horizontal IIT may increase. Helpman and Krugman (1985) conclude that multinational activity will be positively correlated with horizontal IIT once country-specific effects are controlled for.
The empirical literature has focused on "testing" all or a subset of the industryspecific and country-specific determinants of IIT predicted by theory. These studies have generally found more empirical support for country-specific (i.e., endowments; income levels, distance) than industry-specific hypotheses (market structure, scale, product differentiation). Estimated coefficients on proxies for product differentiation and scale economies have often been insignificant or of the wrong sign, and the explanatory power of estimated equations is frequently very low. Greenaway, Hine and Milner (1994, 1995) argue that this may be the result of mis-specification, in particular the failure to distinguish horizontal from vertical IIT.
3 Ethier (1982) , Harrigan (1995) and Tybout (1993) all note that the appropriateness of regressing IIT indices on measures of scale or product differentiation is questionable, as the Grubel-Lloyd index is invariant to changes in these variables in the 3 They conclude that the determinants of vertical and horizontal IIT differ, but not always in the expected manner. For the UK, vertical IIT appears to be better supported by models with large numbers of firms, but this is not the case for horizontal IIT. Scale economies were found to be significant only for horizontal IIT, while FDI was not a significant determinant of either type of IIT. In a more recent analysis of intra-EU IIT, Fontagnϑ, Freudenberg and Pϑridy (1997) find that FDI and scale are positively associated with both horizontal and vertical IIT, while product differentiation is positive for vertical and negative for horizontal IIT.
standard trade model with monopolistic competition. Moreover, Deardorff (1995) has demonstrated that reduced form equations where bilateral trade is regressed on income and distance can be consistent with a wide range of theoretical models, including neoclassical ones where there is no role for scale economies or imperfect competition.
The implication of this is that regression analyses of the type commonly found in the literature cannot be regarded as tests of specific hypotheses or theories, and that no strong priors can be maintained as regards the signs of coefficient estimates that emerge from such exercises.
Notwithstanding these methodological criticisms, we follow the recent literature in focusing on the industry-specific determinants of vertical IIT and horizontal IIT, while controlling for country-specific factors. This approach is motivated in large part by our interest in investigating the role of IIT in the process of transition and exploring where the CEECs stand in relation to the EU and the EU's other trading partners. It also makes it easier to compare with the results of previous studies on IIT, based on North-North country data. The use of country dummies is motivated by the absence of reliable data on incomes (GDP) and endowments for the CEECs. More generally, it allows us to distinguish country from industry-specific effects. As noted by Hummels and Levinsohn (1995) , the former include more than the incomes and distance variables commonly used in empirical work. Indeed, they conclude that country-pair dummies do more to explain bilateral IIT than differences in relative factor endowments. We use this insight by proxying for the multitude of country-pair factors that determine IIT with a fixed countrypair effect (one of the trading partners always being the EU).
III. Data and Measurement
Levels of IIT between eight CEECs and the EU(9) 4 is calculated for the 1990-95 period at the 6-digit level of disaggregation of the EU's Combined Nomenclature (equivalent to the Harmonized System). Data was obtained from COMEXT, Eurostat's trade database, using the EU as the reporter for both import and export flows. There are 5,019 six-digit product categories, which were concorded to the 3-digit NACE industry classification as provided in the EUROSTAT COMEXT software. The full sample covers 109 NACE industries 5 across the 8 CEECs, giving us a cross-section of 872 observations.
We use the adjusted Grubel-Lloyd (1975) where i refers to the 6-digit product categories that make up each 3-digit "industry" j and k identifies countries. The index of IIT varies between 0 (complete inter-industry trade) and 100 (complete intra-industry trade). Following Greenaway, Hine and Milner (1995) , 4 Bulgaria, Czech Republic, Hungary, Moldova, Poland, Romania, Slovak Republic and Slovenia. In order to be able to compare CEEC data with those of other European countries we have excluded Austria, Finland, Greece, Portugal and Spain from the EU. The resulting EU (9) includes Belgium, Luxembourg, Germany, France, the United Kingdom, Italy, the Netherlands, Denmark, and Ireland. Belgium-Luxembourg is reported as one aggregate. 5 The original sample consisted of 194 3-digit NACE industries. We exclude all agriculture-related and service sectors. Industries that correspond to the CN categories 460000 (wickerwork and basketwork), 910000 (clocks, watches and parts thereof), 920000 (musical instruments, parts and accessories), 930000 (arms and ammunition), 960000 (miscellaneous manufactured articles), 970000 (works of art, antiques), 980000 (power production) and 990000 (other products) are excluded from the sample due to data limitations and reporting problems.
horizontal IIT is defined to exist for trade in product i in industry j that satisfies the criterion:
Vertical IIT comprises trade where:
Relative unit values of exports and imports are utilized to disentangle horizontal from vertical IIT. The underlying assumption is that relative prices tend to reflect differences in qualities. Thus, vertical IIT is defined as two-way trade in a 6-digit product whose per kilogram unit value of exports (measured f.o.b.) relative to its per kilogram unit value of imports (measured c.i.f.) falls outside a specified range of ±α Trade in products whose relative unit values fall within the range ±α is defined as horizontal IIT. Once IIT has been separated into the two types at the 6-digit level, trade flows are aggregated over the 6-digit categories to compute vertical and horizontal IIT at the 3-digit industry level. As in Abd-el-Rahman (1991) and Greenaway, Hine and Milner (1995) , we use a unit value dispersion of 15 percent (i.e., α=0.15) for the analysis, as well as α=0.25 as a robustness check.
Descriptive statistics on unit values for the eight CEECs during 1993-1995 are reported in Table 1A . They illustrate that the significant variance in unit values across countries. The values for the Czech Republic, Hungary, Poland and Slovenia are
somewhat lower than what is observed for comparator countries such as Greece, Portugal or Spain, but the difference is not very large. Tables 2A-4A report summary statistics for total IIT, horizontal IIT and vertical IIT (α=±15%) between the 8 CEECs and the EU (9) as well as between 31 comparator countries and the EU(9) for the years 1990-1995. In addition, Tables 5A and 6A present data at the α=±25% level for the eight CEECs. The numbers reported are not absolute levels of IIT but shares in gross industry trade, i.e.
where i refers to the 6-digit CN products in each 3-digit industry, j is a subscript for the 3-digit industry, and z varies over horizontal and vertical IIT. Vertical IIT accounts for 80 to 90 percent of total IIT. The horizontal IIT levels are similar to those observed for Finland, Greece, Israel, Portugal and Tunisia, and are less than half the level of countries such as Austria, Spain, or Switzerland. Noteworthy is also 6 We also used the 4-digit CN disaggregation to calculate IIT, HIIT, and VIIT (not reported). The results proved to insensitive to the initial level of disaggregation -the IIT shares derived from the 6-and 4-digit levels are similar. The only measurable difference is that the numbers for Moldova do not display significant variation anymore.
that horizontal IIT has been static over the 1990-95 period for most countries, the only exceptions being the Czech Republic and Slovenia. Similar conclusions obtain if α is set at 25%.
Industry specific variables are calculated using firm-level data from a comprehensive enterprise dataset on CEECs. A detailed description of the dataset can be found in Pohl et al. (1997) . The data contain balance sheets and profit and loss statements In an attempt to use similar data across all eight countries, we have restricted the samples to firms that have more than twenty-five workers. The exclusion of small firms undoubtedly presents a possible problem in terms of capturing the true extent of, say, FDI flows to the eight CEECs. Since foreign investors are, however, likely to be attracted by firms with significant market power, the results are probably not affected significantly.
simply failed to report. This could give rise to a selection bias if smaller firms (or firms without FDI, etc.) are more likely to exit (or not turn in their reports), leading to an overestimate of all our variables, but particularly the industry concentration variable. This will, however, be the case for all countries --a priori we cannot sign the selection bias that results from this data cleaning.
The data include detailed information on firm revenues and expenditures, as well as its ownership status and equity stakes of strategic investors. A firm is regarded as "foreign" when more than a third of its shares are foreign-owned. This choice was made based on the existing corporate laws in the Central and Eastern European countries. In all eight countries, major strategic and investment decisions at the firms' Board of Directors can be taken with only two-thirds majority. Thus if more than one-third of shares are owned by foreign nationals they can block decisions of the Board.
IV. Estimation
Consistent with the literature on the determinants of IIT, we estimate a regression model of the following form:
IIT jk (z) = β 0 + β 1 LAB jk + β 2 CONC jk + β 3 FDI jk + β 4 MES jk + β 5 PD jk + β 6 BGR + β 7 CZE + β 8 HUN + β 9 MDA + β 10 ROM + β 11 SVK + β 12 SVN+ε jk where IIT(z=total): 3-digit industry j IIT between country k and the EU(9) IIT(z=H): 3-digit industry j HIIT (±15% ) between country k and the EU(9).
IIT(z=V):
3-digit industry j VIIT (±15% ) between country k and the EU(9).
LAB:
The inverse of the share of energy in total costs CONC:
Four firm sales concentration ratio FDI:
FDI output as a share of industry total MES:
Minimum efficient scale: ratio of output of top 4 firms to rest of industry
PD:
Number of 8-digit categories in a 3-digit industry BGR:
Bulgaria country dummy CZE:
Czech Republic country dummy HUN:
Hungary country dummy MDA:
Moldova country dummy ROM:
Romania country dummy SVK:
Slovak Republic country dummy SVN:
Slovenia country dummy
The four firm sales concentration ratio (CONC) is a proxy for the influence of market structure on IIT. Existing theory suggests markets with a large number of firms are more likely to generate horizontal IIT than markets with a small number of firms. 8 Therefore, the expected sign on β 2 is negative for horizontal IIT. Theory is more ambivalent regarding the effect of market structure on vertical IIT. Thus, β 2 may be greater or less than zero depending on whether a small or a large number model applies. The minimum efficient scale of production (MES) is measured as the ratio of gross value-added per employee in the largest four firms to gross value-added per employee in the remaining firms. The expected sign for this variable on horizontal IIT is negative, as low scale economies will lead to easier entry, a greater number of monopolistically competitive firms and thus more varieties and increased IIT. The predicted effect of scale on vertical IIT depends on market structure and may therefore be positive or negative. The product differentiation variable (PD) is defined as the number of 8-digit CN product categories in each 3-digit NACE sector. 9 The expected signs are β 5 >0 for horizontal IIT since this type of IIT is directly related to the existence of differentiated products. Conversely, we expect β 5 <0 for vertical IIT.
In addition to the foregoing variables, we also investigate the relevance of foreign direct investment (FDI) and labor intensity (LAB) for IIT. FDI is generally hypothesized to be positively associated with the level of IIT, as multinationals are often multi-product firms. One result of FDI is greater specialization in production by plants located in different countries, giving rise to more IIT, both horizontal and vertical. We therefore expect the sign on FDI (β 3 ) to be positive for both types of IIT. Given the absence of reliable data on labor utilization in the CEEC context, the inverse of the share of energy in total costs is used as an indicator of labor intensity. The higher the energy intensity of an activity, the lower will be the share of labor in total value added. This suggests that there will be less scope for vertical IIT, as variations in quality will generally be associated with activities that allow variations in inputs of skilled and unskilled labor. More specifically, in the CEEC context industries with high energy use (fertilizers, basic metals, plastics/rubber) were confronted with large increases in input costs as energy subsidies were eliminated. Some also became subject to greater pricing scrutiny in export markets (through antidumping and related policies). Such factors implied greater pressures to (a) "price to market" and (b) differentiate output to compete with foreign producers. This in turn could be reflected in an observed rise in horizontal IIT. We therefore expect the sign on β 1 to be negative for vertical and positive for horizontal IIT. Descriptive statistics for all five independent variables are reported in Table 1 . Leamer (1994) has argued that it is important to look at the simple correlation matrix between dependent and independent variables as it can be quite difficult to interpret the partial correlations that emerge from the regression analysis. Table 2 suggesting that FDI has been going into relatively labor-intensive sectors. This is consistent with the high correlation between FDI and vertical IIT, as the latter will involve activities where there is scope for quality differentiation through employment of more labor intensive techniques that build on lower labor costs in the CEECs. Note also that the correlation between CONC and MES is not very high. As mentioned previously, country dummies are used to capture the countryspecific determinants of VIIT and HIIT which are generally assumed to include factors such as incomes, distance, and differences in endowments. As our primary interest is to explore the significance of industry-specific variables as determinants of IIT, the use of country dummies is an effective way of controlling for country-specific effects. Given the widespread presence of zero observations on trade flows at the 6-digit level, we follow Balassa and Bauwens (1987) in using nonlinear least squares to estimate the following logistic function:
where b′ is the regression coefficients vector, x the explanatory variables vector and ε is the random disturbance term. In order to correct for possible heteroscedasticity in the disturbances, all regressions were estimated with heteroscedastic consistent standard errors.
V. Regression Results
The results of the estimation for IIT, VIIT and HIIT at the α=±15% with (1) and without (2) country dummies are reported in Table 3 . For total IIT, labor intensity, FDI and the product differentiation proxy are statistically significant, the first two variables having by far the largest coefficient estimates. The adjusted R 2 is 0.599, which is quite high for cross-section regressions of this type. Most of the country dummies are not significant. If the regression is run without the dummies, the goodness of fit does not decline very much, and the concentration and scale variables become significant. This suggests countryspecific variables are not very important determinants of IIT. The relative unimportance of the country dummies is somewhat surprising in light of the literature, which concludes that these are generally more robust explanatory factors than industry variables.
The fit of the estimation for horizontal IIT is less good than that for IIT as a whole: the adjusted R 2 falls to 0.372. Compared to earlier work this is nonetheless relatively high. 10 The sign of the coefficient estimate on LAB is negative as expected.
The MES coefficient also has the expected negative sign and is significant, while the coefficients on FDI, CONC and PD are positive and again significant. Without the country dummies the explanatory power of the equation drops to 0.059, and only FDI and MES 10 Greenaway, Hine and Milner (1995) obtain an R 2 of only 0.06, while Greenaway, Milner and Elliot (1996) obtain an R 2 of 0.12 in a regression that adds country-specific explanatory variables such as income levels and distance. Fontagnϑ et al. (1997) obtain an adjusted R 2 of 0.46 in a panel setting for intra-EU IIT that includes country, industry, and policy variables. remain significant. It therefore appears that horizontal IIT is driven primarily by countryspecific effects. If account is taken of the wide differences in distances from the eight CEECs in the sample to the EU, as well as in per capita incomes--Moldova, the poorest country has an estimated per capita income level that is one-tenth that of Slovenia, the richest country--this result is not that surprising.
The VIIT results are much closer to those obtained for total IIT (R 2 of 0.556), reflecting the fact that VIIT accounts for 80 to 90 percent of total IIT (see the Appendix Tables) . FDI has the predicted positive sign and is highly significant. The product differentiation and scale variables are also positive and significant but the concentration variable is not significant. As is the case for total IIT, the fit of the equation is not very sensitive to the inclusion of country dummies. To test the robustness of our results to the definition of horizontal and vertical IIT, we re-run the regressions using the data for HIIT and VIIT using α=±25% as the criterion (Table 4) . No significant differences with the results reported in Table 3 emerge if country dummies are included. If country-dummies are excluded, however, the CONC and PD coefficients in the HIIT specification become significant and the overall fit of the regression increases to 0.115. Overall, the results are not very sensitive to the choice of α.
VI. Concluding Remarks
The magnitude of IIT is relatively high in bilateral trade between the CEECs and the EU.
Levels of total IIT are comparable to those observed for countries such as Canada, Israel, Korea or Portugal. Most of the IIT is vertical in nature. Horizontal IIT levels are less than half of those of countries such as Austria, Spain, or Switzerland. Horizontal IIT has also been static over the 1990-95 period for the majority of countries. However, for some countries such as the Czech Republic and Slovenia it has been growing rapidly and has attained levels that exceed those reported for countries such as Greece, Finland and Israel.
After controlling for country-specific factors, we find a positive and significant relationship between FDI and product differentiation and both vertical and horizontal IIT.
Scale is negatively (positively) associated with horizontal (vertical) IIT, while concentration is positive and significant for horizontal IIT, but is insignificant for vertical IIT. Horizontal IIT is highly dependent on conditioning on country specific variables. If country dummies are not included in the estimation. the explanatory power of the industry-specific variables declines substantially. The empirical literature on IIT has generally found more support for the importance of country as opposed to industry factors (Balassa and Bauwens, 1987; Greenaway et al. 1995) . Given that vertical IIT accounts for most of the observed IIT between the EU and the sample of CEECs, one would have expected country factors to be particularly important determinants of vertical IIT. This is not the case for vertical IIT between the EU and the CEECs.
The estimation results are quite robust when compared to existing studies on the determinants of IIT and its components. It can be hypothesized that this is due to the specifics of the initial post-reform period in the CEECs which were associated with a very significant opening of the economy to international competition, high levels of FDI (in 1995 the FDI-to-GDP ratio in the Czech Republic and Hungary was 17% and 15%, respectively); and substantial increases in the incentives to pursue product differentiation strategies following demonopolization and the break-up of the old conglomerates. The high share of vertical IIT that is observed is not surprising given the differences in relative real wages for comparable skill levels that existed between the EU and the CEECs and the geographic proximity of the CEECs to the EU. It is precisely these characteristics that make the CEECs particularly interesting in terms of investigating the effects of different industry-specific variables on IIT. 
